PCT 


UOKLD IMtLLfcOLM PROPtRn ORtVWiZ.KTUJN 
iRicrnjtioRji Burcuu 



INTERNATIONAL APPLICATION PUBLISHED L'NDER THE PATENT COOPERATION TREATY (PCT) 


(51) Iou|nia)tonil Patent Clusincatton : 
CI2N5/00//C12P 21/00 
CI2N 9/04 


Al 


(U) International Publication Number: WO 87/ 00 195 

(43) International Pubtication Date: 15 January 1987 U 5.01. S7* 


(21) International Application Number: PCT/GB86/00383 i 
(2a .-matioaal Filing Date: 30 June 19S6 (30.06 86) I 


(31) Priority Application Number: 

(32) Priority Date: 

(33) Priority Country: 


S5I64I5 
28 June 1985(28.06.85) 
GB 


(71) Applicant f/or all designated States except US): CELL- 

TECH LIMITED (GB/GBJ: 244-250 Bath Road. 
Slough. Berkshire SLl 4DY (GB). 

(72) Investors; and 

(75) Inventors/Applicants Oor US onlvJ : BIRCH, John, Ro- 
bcn (CB/GBJ; 27 School Close, H:;h Wvcome, Buck- 
inghamshire HPIl IPH (GB). BORASTON, Roben, 
Charles |GB/GB); 2S Baydon Drive. Reading. Berk- 
shire RGl 6JB(GB). 


(74) Agent: CARP.MAELS & RANSFORD: 45 Bloomsburv 
Square. London WClA :RA (GB). 


(81) Designated States: AT. AT (European patenu. AL. SB. 
BE (European patent). BG. BR. CF (OAPI putenn. 
CG (OAPI patent). CH. CH (European patent). CM 
(OAPI patent), DE. DE (European patent). DK, FI. 
FR (European patent). GA (OAPI patent). GB. GB 
(European paieni). HU. IT (European patent). J P. 
KP. KR. LK.. LU. LU (European paicml, MC. NtG. 
ML (OAPI patent), .MR (OAPI patent). .MW. NL. NL 
(European patent), NO. RO, SD. SE. SE (European 
patent), SN (OAPI patent). SL'. TD (OAPI patentj. 
TG (OAPI patent), US. 


Published 

iVith international search report. 
Before the expiration of the time limit fur amending 'he 
claims and to be republished in the event of the receipt 
of amendments. 


(54) Title: ANIMAL CELL CULTURE 


(57) Abstraa 

A process for the batch culture of animal celts comprises culturing the cells in nutrient medium characterised in that 
during the culture the medium is supplcmemcd with a combined feed of one or more energy sources and one or more ami- 
no acids, and culturing is continued into the decline phase of ihe culture to provide ihe produci(s) of the cells. The process 
is particularly applicable to genetically modified cells, especially hybridoma cell cultures to produce monoclonal aniibod- 

I ICS, Preferably, the supplemental feed is fed to the culture at a slow rate over a prolonged period. Vcr>- significant enhance- 

I n:cnt of overall product yield may be obtained. 
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AMIHAL CELL CULTURE 

Field of the Invention 

This invention relates to animal cell culture and in particular to 
processes for the culture of animal cells to produce polypep.tide and protein 
products. 

BaclcRround to the Invention 

In recent years, there has been considerable and ever increasing interest 
in the culturing of animal cells to provide useful products. This interest 
has been heightened by recent advances in molecular biology which have made it 
possible to prepare genetically modified animal cells which iray be cultured to 
produce desired polypeptide and protein products. Thus cell fusion 
techniques based on the work of Kohler & Milstein (Nature 256 , - 597) 
allow preparation of hybrid cell lines, i.e. hybridomas, which may be cultured 
to produce monoclonal antibodies. Also recombinant DNA techniques have been 
applied to animal cells to provide cell lines, transformed with heterologous 
genes, which may be cultured to produce corresponding gene products. In many 
cases it has been found that animal host cells are more desirable than 
microbial host cells» e.g. bacteria and ycast» for production of recombinant 
products, in particular when the products are complex proteins requiring 
glycosylation and other post translat tonal modification for full activity. 
Animal host cells provide environments akin to the natural cellular 
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environments in which the products are produced. 

In order to apply animal cell culture to the industrial production of 
desired products it is necessary to develop culture processes which produce 
the products in sufficient <iuantity and at cooniercially viable cost. 
Hitherto, however, most industrial culture processes have been based upon the 
fermentation of microbial cultures, and comparatively little is known about 
the factors which affect product yield in cultures of animal cells. It is 
}aiom (see published IntexMtional Patent Application WO 84/00777 - 
Onisearch), for example, in microbial batch cultur e^^roduction of secondary 
metabolites, such as antibiotics, to continuously add to the culture medium 
those nutrients found to be essential for production of the secondary 
metabolite; though apparently only a limited improvement in the long term 
rate of secondary metabolite was obtained. 

Hybridoma cells have been cultured in Dulbecco's Modified Eagle's Medium 

(DMEM) to produce monoclonal antibodies (Sacks & Lennox, Vox Sang. 40:99-104 

(1981)). More recently, a method of promoting protein or antibody production 

from a protein or antibody-producing cell of mammalian origin has been 

described (GB 2153830A - Damon Biotech) comprising the step of culturing the 

cell in a hypertonic medium having m^ osmolarit y no less than ,about_340 _ 

milliosm oles. CB 2X53830A describes, in particular, the culture of 

encapsulated hybridoma cells and the addition of an excess ;of amino acids to 

malc^ the culture medium hypertonic. However, our studies of animal cell 

culture, in particular hybridoma ceil culture indicate that other factors 

besides osmolarity are important in determining levels of protein produced 

from cultured animal cells. 

We have studied the kinetics of cell growth and antibody producticn in 
sljiple batch cultiiEss of iTybridoma cells in a culture median corprising 
Dulbecco's Modified Eagle's Bfcdlum (DMEM). 
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about 2 X 10 cells/ml, cell growth ceases, the population of viable cells 


It appeared that the decline in viable cells was due to a lack of 
essential nutrients in the medium and, in particular, to a' lack of 
ftlutamine. It is Vnown that glutamine is unstable in culture medium and that 
some of its degradation products are cytotoxic (especially ammonia and 
pyrrolidone carboxylic acid). We therefore investigated a simple form of fed 
batch culture in which glutamine was added during and following,^ the later 
exponential phase of the culture. A single shot addition of glutamine, added 
to the culture in the late exponential phase did not substantially affect the 
maximum cell population density but the culture remained viable for a 
prolonged period with a resulting increase in total antibody titre. 

VJe also investigated the addition of repeated doses of glutamine in place 
of the single shot addition. Repeated doses of glutamine (to the same 
overall added concentration as the previous single short addition) over a 
period ot 40 hours produced no improvement in cell or antibody yield compared 
to cultures receiving the single addition 

These results were unexpected. Although exhausted from the r.cdiun, 
glutamine appears not to be the only factor limiting maxir?.um pop^l-atlon 
density since addition of gUttamine to the culture does'not lead to an 
increase in maximum viable cell density. Rather, glutamine addition ap?o.:r5 
to prolong viability of the culture resulting in a small increase in totni 
antibody yield. 



in the culture declines rapidly, and the synthesis of antibody is 


terminated. 
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We have further studied the factors which effect the level of protein 
production from animal cell cultures. We have unexpectedly discovered that a 
feed of glutamine and other nutrients, in particular when fed at a low rate 
and for a prolonged period of time, results la a significant increase in 
antibody yield of cultured hybridoma cell lines, es pecially in the de cline 
phase of a batch culture. We have found similar results for the production 
of heterolosous gene products from cultures of transformed animal cells. 

r ~- — 

SuTnmary of the Invention 

Accordingly the present invention provides a process for the batch 
culture of animal cells comprising culturing the cells in nutrient medium, 
characterised in that during the culture the medium is supplemented with a 
combined feed of one or more energy sources and one or more amino acids, and 
culturing is continued into the decline phase of the culture to provide the 
product(s) of the cells. 

The present invention arises from the unprecedented discovery that 
continued feeding of nutrients to an animal cell culture, in particular when 
fed over a prolonged time period, leads to a significant increase in product 
yield if the culture is continued into the decline phase. Contrary to 
expectation continued feeding of nutrients does n o t^ 1 n ere a se .the maximum 
viable cell population density but instead appears to prolong the period of 
viability of the culture beyond the point at which onset of the decline phase 
I would occur in an unfed culture* giving enhanced levels of product 
formation. In particular, we have found that a coTTibined feed of energy 
sources and ijmino acids leads to a very significant increase in oveC'ill 
product yiold. Surprisingly this combiriod feed of energy sources and ar:iino 
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acids does not appear to lead to an increase in maximum viable cell population 
density. 

The reason for this phenomenon is not completely understood. There ace 
two likely explanations for the decline in cell growth which makes the change 
from the exponential growth phase to the decline phase of the culture. 
Either one or more nutrients required for cell growth though not required for 
protein synthesis become depleted and cell growth ceases, or one or more 
cytotoxic metabolites, such as lactate or ammonia, accumulate in the culture 
inhibiting further cell growth. Of these two explanations, we favour the 
latter. Thus, without prejudice, it appears that cell growth is inhibited by 
cytotoxic metabolite accumulation and continued feeding, as in the process of 
the invention, serves to prolong viability of the culture giving rise to 
enhanceTuent of overall product yield; the supplemental nutrients being 
utilised during the decline phase primarily for protein synthesis and as 
energy sources rather than for cell growth. It will be app.-«ciated however, 
that the above is given as a possible explanation of the phenornenon which w£ 
have observed but does not limit the scope of the invention. 

The process of the invention may be applied to the culture of animal 
cells, e.g. matrmalian cells, in general, including cells which constitutively 
produce desired products such as Namalva cells and Bowes mclanor>a cells. 
Preferably, however, the process may be applied to the culture* of genetically 
modified cell lines. Thus the cells may be transfectcd animal cells i.e. 
animal cells which have been transfected with heterologous genes so that the 
cells may be cultured to produce the corresponding heterblogous gene 
products. Such transfectcd animal cells :nay include transfected mar-nialian 
host cells s uch as transfected Chinese Hamster 0^'/ ^^^ ^^ ceil lines, and in 
particular it\cludc hybridoma and riiyeloma cell lines which liavc boen 
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transfected with heterologous genes. Most preferably the process may be 
applied to the culture of cell lines which produce monoclonal antibodies 
including Epstein Barr Virus (EBV) transformed antibody producing cell Lines, 
and especially hybridoma cell lines prepared by cell fusion techniques. 

The process may be applied to any cells which may be batch cultured 
including anchorage dependant cells, for instance in microcarrier culture, and 
also encapsulated cells. Preferably, however, the cells are cells which are 
cultured in suspension. 

Any product which nay be produced by cultured animal cells may be 
produced using the process of the invention. Such products typically 
comprise polypeptide and piotein products, and include hormones such as growth 
hormone, e.g. hCH, lymphokines ,such as interferon, interleukins , e.g. 
recombinant antibody molecules and fragments thereof, industrially and 
therapeutically useful enzymes such as tPA and enzyme inhibitors such as 
Tissue Inhibitor of Metal Loproteinases (TIMP) . P^irt Lcj larly preferred 
products are rr.onoclonal antibodies. 

The medium may be supplemented with the combined feed at any appropriate 
time during the culture. The supploment>al feed r.\ay be cor-'nenced afler the 
expont;ntial growth phase of the culture but is preferably corr.enccd during the 
exponential growth phase especially during the second half- thereof. 
Advantageously, however, the culture is supplo'.nented with the feed over a 
prolot\ged period of time. Supplcn*,ental feeding nay be completed during the 
exponential growth phase of the culture, but is preferably continued into t'ne 
stationary growth phase, and may be continued into the docline phase of tho 
cu Lturc . 
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For the purposes of the present description the t«rm "exponential growth 
phase" means the period of growth up to the point at which maximum viable cell 
population density is reached. 

For example, in a typical suspension culture of hybridoma cells 
supplemental feeding is commenced from 25 to ISO hours preferably from 40 to 
60 hours, and especially at about 50 hours after the start of the culture. 
For instance, supplemental feeding may be coirenenced when the cells have grown 
to a viable cell density of about 1 X 10 cells ml^J Also the feed 
supplement is provided to the culture for a period of at least 5 to 20, and 
preferably 10 to 15, hours after the peak of viable cells in the culture has 
occurred. Moreover, the feed supplement is preferably provided over a total 
period of from 30 to 100 hours, most preferably from 40 to 60 hours esi^ecially 
cb'^ut 40 hours. Similar supplemental feeding regimes may be used with 
hybridoma cells in general, and also transfected hybridoma and myeloma 
cells. However, it will be appreciated that the time and period of feeding 
may be varied having regard to the growth characteristics of the cell in 
question. 

Similarly the components of the supplemental feed may be varied in 
a'-';ordance with the particular cell being cultured. Thus the energy source 
may comprise any suitable energy source for the cell; though usu.illy 
comprises at least one carbohydrate energy source, such as a sugar, especially 
^^^fu'c-OseT-j Other suitable carbohydrate energy iiources include d iuacchar irtos 
such'^s naLtosc, lactose and sucrose, and monosaccharides such as galactose, 
fructose, etc. Other possible energy sources comprise; 'glyceratc, 
glycera Idfihydc , etc. Glutamine, in addition to its role as an ;*rano acid 
precursor for protein -synthesis, is also a major energy i^ubsiraic for ani-al 
cells in culturo. Thus the energy source ct-mponent of the feed :7.ay comprise 
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giutamine, usually in combination with a carbohydrate, such as glucose^ 

The supplemental feed also comprises one or more amino acids typically 
including giutamine or a precursor therefore e.g. glutamic acid. Usually, 
however, the supplemental feed comprises a combination of amino acids. The 
feed may comprise one or a combinatiou of some or all of essential amino acids 
such as arginine, cysteine, cystine, giutamine, glycine, histidine. 
isoleucine, leucine, lysine, methionine, phenylalanine, serine, threonine, 
tryptophan, tyrosine and valine. The feed may also comprise one or a 
combination of some or all of non-essential amino acids such as alanine, 
aspartic acid, asraragine, glutamic acid and proline. (The feed may also 
contain special amino acids such as hydroxyproline , y^-carboxyglutamate and 
phosphoserine) . The supplemental feed may comprise other nutrients, such as 
choline. The feed may also contain growth stimulatory or regulatory factors 
such as hormones, though these are normally provided in the culture medium at 
the start of the culture. 


It will be appreciated that the amino acid cor.^pontinLs of Ihc feed are 
typically L amino acids and may be in the foi-m of salts or precursprs 
thereof. In place of single amino acids, dipeptides and other short peptides 
m;iy be uccd Lo provide the amino acid component of the feed. 

The amount of energy source and amino acid components used in the foed 
may be varied as desired to prolong viability of the culture and pi-ovidc: the 
substrates required for product synthesis. Preferably, howevor, the 
components of the supplemental feed and quantities thereof may be selected by 
analysis of the culture medium. Thus the feed r.ay cor.priso thci;c ::;r.pjr.or.t:; 
of the T.cdium which are depleted by growth -ind the aiv.ounts of those cor.-ponti:v^s 
which arc fed to the culture are preferably such as to restore .ir.<l r'-nintain 
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the concentrations of the components at the levels present in the medium at 
the start of the culture. Typically the feed is such as to maintain those 
media components which are used either as energy substrates or as biosynthesis 
precursors in excess for the duration of the culture. 

Any suitable culture medium may be used at the start of the culture. A 
particularly preferred culture medium is Dulbecco's Modified Eagle's Medium 
(DMEM), usually supplemented with serum e.g. FCS; though modifications of 
DMEM and other similar culture media may be used as the basis of the culture 
process. Low-serjm media, serum-free media and low-protein med-.a may be used 
as appropriate. 

Thus in a preferred embodiment the invention provides a procsss for the 
batch culture of animal cells comprising culturing the cells in nutrient 
Tiedium, characterised in that, during the culture the medium is supplemented 
rfith a combined feed of energy sources, amino acids and other nutrients which 
lave been depicted by growth of the cells, and the culture is contirvjc^ \r.io 
:he decline phase thereof to provide the products of the cells. 

The supplemental feed may lie fed to the culture medium in any appropriate 
fashion. The feed -way be supplied as a single "shot" addition or pretcrnbly 
IS a plurality of "shot" additions over a prolonged period of ti~e. Such 
shot additions may comprise separate components, i.e. energy sources and amino 
icids, or any suitable combination of the components. Preferably, ^^uwovrr. 
^ome or all of the cor.ponents are added continuously over a prolonged coriod 
>f tir.e. 

The coT.pononts of the feed may be added to the culture in tf-.c (cv-\ o: 
:oIi()s e.g. povdcrcd , or in the fot-m of slurries or pr*? f o:'ab I y as -jo ' : ons . 
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In particular, so called "insoluble" amino acids such as cystine, tyrosine and 
tryptophan which are only sparingly soluble at neutral pH may be added, 
preferably as a shot addition, in the form of a slurry. Other so-called 
"soluble" amino acids are preferably added in the form of solutions. Most 
preferably, however, a solution comprising energy source, e.g. glucose, and 
"soluble" amino acids, and optionally also choline, is pump fed to the culture 
over a prolonged period of time. Such pumped feeds may be added to the 
medium after "shot" addition of feed components such as glutamine and 
"insoluble" amino acids. 

The exact composition of the supplemental feed, the components and 
quantities thereof, depends upon the particular type of cell which is bsing 
cultured. For example, however, in a typical hybridoma cell culture the main 
components of the feed are glutamine and carbohydrate energy source, such as 
glucose. The total glutamine feed is usually in the range from 0.5 to 3. 
preferably from 0.8 to 1.6. especially from 1 to 1.5 grams per Litre of the 
culture '/."hen glucose is used as an energy source the total jl'-icosc feed 
usually from 1-10. preferably from 3 to 6 , especisily from to 5 %vT.\i por 
litre of the culture. Equivalent amount of other carbohydrate energy sources 
may also be used with similar quantities of glutamine. 

The amino acid feed for typical hybridomo cultures may comprise in 
addition to glutamine, some or all of the following amino acids (including 
salts and precursors): cystine, tyrosine, tryptophan, lysine, hlstidinc. 
arginine, glycine, valine, rLethioninc, threonine, serine, i.so Icuc ine . leucir.e 
and phenylalanine. Generally the amino acids components co"pri;>e from 50 - 
90 por cont of the amounts of the amino acids present in the -cdi'jn nt tV.o 
start of the culture. Ttie total amounts of each of the a;r.ii;o ^citii; 
(t-rxcopting glutamine) in the feed is uiiually from 0 to 300. ~c:o u^^ually 
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20 to 200 ms per litre of the culture. Preferably, the feed may comprise 
relatively higher amounts (e.g. 70 - 130 mg per litre of culture) of lysine, 
arginine, valine, isoleucine and leucine; intermediate amounts (e.g. 40 - 70 
mg per litre of culture) of tyrosine, threonine and phenylalanine; and 
relatively low amounts (10 - 40 mg per litre of culture) of cystine, 
tryptophan, histidine, glycine, methionine and serine. Preferably also the 
feed may comprise a relatively low (e.g. 5- 20 mg per litre of culture) of 
choline e.g. as choline chloride. 

Using the process of the present invention, we have found that it is 
possible to obtain significant enhancement of antibody yield from suspension 
cultures of hybridoma cells. Typically, we have obtained at least 2.5 x. 
often at least 3 - 4 x and sometimes as much as 7x the overall product yield 
as compared with unfed batch cultures of hybridoma cells. We have also 
obtained increases of at least 50X in product yield from cultures of 
EBV-transf ormed , antibody-producing human cells as compared with unfed 
cultures. Moreover, we have obtained similar enhancement of product yield 
from cultures of transfecLcd -inimal cell, in partlcul;ir tr-ins f octcd hybrl(ior.a 
and myeloma cells which produce tPA. In preferred er.;bod ixents the process o 
the invention is characterised by substantial product formation after 
exponential growth of the culture has ceased. Often more than 507. and 
sometimes as much as of the total product yield is produced after 

exponential growth has ceased 

Brief Description of Drawings 

The invention is further described by way of illustration only in the 
following f^xarr.p l^s , . The examples refer to the accor.paiiy ing ia^i -jrr.s in 
whi r.h: 
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risurtt 1 shows graphs of viable cell density and antibody titre against 
time of hybridoma cell cultures: 


a. k simple batch culture, 
b & c Siicple fed batch cultures. 

d & e Fed batch cultures according to the invention. 

Figure 2 shows a graph of total cell population density, viable cell 
density and antibody concentration against tiae for a culture as in Figure 1 
<a). 


Figure 3 shows partial restriction maps of plasmids pSV2 j*) globin, PSV3 
Bna, P3.16, pRSV3 and pPEI (The direction of transcription of the tPA and BPV 
genes is denoted by arrows. The positions of the restriction enzyme sites 
for EcoR I. BaaH I and Sail are denoted B and S respectively. The origin of 
the various sequences are denoted: 


PBS322 derived DHA: 


mouse netallothionein 

promoter; 


LXa promoter from Rous Sarcoma virus 


tPA cDHA gene; 


SV40 polyA site 


selection gene 


syAO early promoter; 


SV40 sequences. 
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Figure 4 is a graph showing profiles for growth and tPA synthesis by pRI 1/10 
cells in an air lift fermenter (Viable cells Ziw ; tPA determined by ELISA • ; 
tPA determined by fibrin agar assay O). 


DESCRIPTION OF SPECIFIC EHBODIMEHTS 


Example 1 

This exmple describes experiments relating to the suspension culture of 
hybridoma cells. The first two experiments, the batch culture and sirriple fed 
batch culture are included as comparative experiments. The experiments were 
carried out using a mouse-mouse hybridoma cell line, NBI which secretes a 
monoclonal antibody which has specificty for an antigenic determinant of 
B-type blood cells. The derivation and properties of KBI, alternatively 
known as NBI/19 . 112 . 28 , are described in the specification of British Patent 
CB 209425B. 


1st Comparative Experiment - Batch Culture 

HBI hybridoma cells were grown batchwisc in an airlift fei-menLor in 
suspension in Du'bccco's Modification of Eagle's Medium (DMEM) supplemented 
with 31 heat inactivated foetal calf serum (FCS). After an exponential 
growth phase lasting about 50 hours, the viable cell population density peaked 
at about 2 x 10^ cells per ml. following which there was a sudden cessation 
of growth and a rapid decline in cell viability. The results of this 
experiment ^re shown in Figure 1 (a), the solid circles denoting the variation 
of viable cell population density and the open circles denoting the variation 
of antibody titrc with Lime. The viable cells peaked at 6.6 (log - viable 
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cells/tnl) and declined rapidly thereafter. The antibody titre was low and 
did not increase substantially following the peak of cell population density. 

The decline phase of the culture was shown to coincide with the depletion 
of glutamine from the culture medium. We therefore investigated simple fed 
batch cultures in which supplementary glutamine was added to the culture. 

2nd Comparative Experiment - Simple red Batch Culture 

NBI hybridoma cells were grown in suspension in FCS supplemented OM£M as 
in the 1st comparative experiment. A single shot addition of gi.utamine was 
added to the culture in the late ejcponential phase (to a final added 
concentration of 4mM) . The results obtained are shown in Figure 1 (b). The 
addition of glutamine did not substantially affect the maxinium cell population 
density (solid circles) but the culture remained viable for a prolonged period 
with a resultir.g increase in. totol antibody titrc (open circios). 

We also investigated the addition of repeated doses of glutamine in place 
of a single shot addition. The results obtained are shown in Figure 1(c). 
Repeated doses ( x4 ) of glutamine to an added concentration of l-H litre per 
addition over a period of ^0 hours produced no improvement in cell or dnt,ibody 
yield compared to a single addition of ^mil glutamine (cor.pare Figure 1(c) with 
Figure Ifb) - the avco'^s in each Figure indicate the time of at*^iticr. c: 
glutamine) . 

We therefore -Ji'-alysed culture s-jpcrnotant at intervals z-^v\r.z, a 
glutamine fed c Iture, as in Figure Kb), and found that there was subst^nt;.U 
depiction of other key nutrii:;nts. 
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Glucose, which is both an energy source and a precursor for other 
bioinolecules. was also shown to become depleted to approximately 1% of its 
concentration in fresh medium. Likewise, all the component amino acids of 
DMEH were found to be depleted to between 10 and SOX of their starting 
concentrations- A means of supplying all these medium components to the 
culture was devised, employing shot-fed and pump-fed additions, so as to 
maintain each nutrient in excess for the duration of the culture. Choline, a 
cell membrane precursor, was also incorporated into the fed, supplement. 

Experiment - Fed Batch Culture 

A feeding regime was tested, NBI cells were grown in a 5 litre airlift 

fermentcr in a medium consisting of OMEM supplemented with 3% v/v foetal calf 

6 

serum. The starting cell population density was approximately 0.2 x 10 

viable cclls/ml. When the cells had grown to a population density of 
6 

approximately 1 x 10 viable cells/ml, the shot additions of suppler.ents 
were made and the pumped supplement initiated. The quantitative ccnposition 
of the supplements was baseci on the patterns of nutrient utilization 
identified by analyses of glutamine supplemented cultures, as in Figure 1(b). 
Composition of feeds and the mode oC addition to the culture are sum.'narised in 
Table 1. The results obtained are shown in Figure 1(e). 
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TABLE 1 

COMPONENT ADDITION KODE OF ADDITION 

mg/litre 
of culture 


Supp lenient A 


L-glutan\ine 


250^350 shot-fed as 200 miili 

molar solution when 


culture is at 
cells/ml 


1 X 10' 


Supplement B 


L-cystine 

L-tyrosine 

L-tryptophan 


10-40 shot-fed as aqueous 

40-70 suspension when culture 

10-20 is at 1 X 10^ cells 

mi 


Supplement C 


L-lysine HCl 

L-hist idine 

L-ar&ininc UCL 

I— glycine 

L-valine 

L-methionine 

L-threonine 

L-serine 

L-isoleucine 

L-leucine 

L-phenylalani ne 

L-glutamine 

D-glucose 

Choline cloride 


100- 
30- 
60- 
10- 
60- 
20- 
40- 
20- 
80- 
^0- 
40- 
1000- 
4000- 
5- 


140 
40 
90 
30 
80 
30 
oO 
40 
100 
90 
60 
1250 
5000 
15 


Purr.p-fed as - 
concentrated solution 
in phosphate-buffered 
saline. Feed initiated 
when culture is at 1 x 
10^ cells/ml and 
continued for 
approximately 50 hours. 


Cells grew to a maximum viable cell population density of 2.2 x 10 
cells/ml, similar to that seen in unfed and glutaminc-fed cultures. !:oveve; 
after the growth phase there was a prolonged stationary phase during which 


time there was relatively little change in the i/iable cell population 


density . 


This was followed by a protracted decline phase (see Figure 1(e) 
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Subsequent analyses of the culture medium indicated that the major consumed 

nutrients were present in excess throughout the duration of the culture. 

The evential decline in cell viability was attributed to accumulation of 
toxic catabolites such as lactate and ammonia since these were found to be 
present at concentrations which we have demonstrated to be cytotoxic when 
added artificially to cells in early exponential growth. Also the decline of 
the culture was not as acute as in cultures where glutamine, has become 
depleted. 

Antibody assays were performed either by an IgM specific enzyme- linked 
immunosorbent assay or by a red-blood cell agglutination assay. The antibody 
standard for the agglutination assay in this and previous experiments was 
culture supernatant from an unfed culture of NBI cells. 

With reference to Figure 2, antibody accumulated in the culture 
supernatant throughout the duration of the culture but the specific rate of 
antibody synthesis was found to rise from 0. 3 ^g/lO^cells/h during the 
growth phase to O.S and to 1,5 ^g/lO/h during the Latter stages of the 
culture. The final antibody concentration was approximately 116 mg/ litre 
with a red-blood cell agglutination titre fourfold higher than the standard. 

E xample 2 . 

A further experiment was conducted to establish the necessity for the 
provisLon of the amino acid component of the nutrient feeds. UBl cells were 
grown in a 5 litre airlift ferr.enter in DHEH supplemented with foetal caJf 
serum. The starting cell population density was approximately 0.2 x 10^ 
viable col Is/ml. Whun the colls had grown to approximately I x 10^ viable 
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cells/ml the culture received a shot-fed addition of glutamine to an added 

concentration of 2 miliimolar and a pumped feed of slutamine glucose and 

choline was initiated. Thus the quantitative addition of the fed components 

was equivalent to the culture in Example 1 except that the culture received no 

supplement of insoluble or soluble amino acids apart from glutamine. The 

duration of the feed was approximately 50 hours. The results obtained are 

shown in Figure ICd). The growth phase of the culture followed a similar 

profile to that seen in the culture that received the complete feed containing 

6 

amino acids. A maximum population density of 2.5 x 10 viable cells/ml was 
attained. However, instead of establishing a prolonged stationary phase 
there ensued a sudden and rapid decline in cell viability before completion of 
the pump-fed supplement. There was no obvious upturn in the rate of antibody 
synthesis during the decline phase of the culture. The final antibody titre 
was approximately half of that obtained in the. culture receiving the complete 
feed containing supplementary amino acids. 


Exa-ple 3 

Table 2 compares antibody yields obtained from conventional unfed 
cultures and from fed- batch cultures (feed substantially as described in the 
fed batch experiment of Kxample I) for a number of rodent hybridoma cell lines 
and for a human EBV transformed cell line. For the rodent cell lines the 

i 

batch-feeding regime obtained a three to seven fold ii\cvease in antibody 
yields. For the human cell line batch feeding obtained a 1.7 fcld increase 
in antibody yield. 


>*0 87/00195 


- 19 - 


PCr/GB86/00383 


TABLE 2 

Effect of nutrient feed on antibody yield from rodent hybridoma and human EBV 


transformed 

cell lines 

grown in batch 

culture . 


CELL 

ANTIBODY 

ANTIBODY YIELD MG/1 

RATIO 

LINE 

CLASS 

Fed-batch 

Unfed 

Fed Batch : 

1 (rodent) 

ISG 

86 

17 

5.1 

t 

IrM 

295 

99 

3.0 

3 

ISG 

73 

10 

7.3 

4 

ISG 

IQO 

29 

3.5 

5 

ISG 

260 

68 

3.8 

6 

IgM 

112 

23 

4.9 

7 

l&G 

200 

34 

5.9 

8 

UG 

350 

110 

3.2 

9 ( human ) 

l&G 

53 

32 

1. ? 


F.xample A 


This example described the preparation of a myeloma cell l^nc stably 
transfccted with a gene coding for tPA and the fed batch culturing of this 
cell Line as in the process of the invention. 
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1 . Vector Construction 

1.1 Tissue plasminoRen activator (tp fl ) cDNA expression constructs 

The methods used in these constructions are described in detail by 
Haniatis et at (1982). The tPA specific DMA sequences were derived fcozi two 
cDNA clones isolated from a Bowes melanoma library (Harris e^ aL. 1986). 
Plasmid ptPA A3 was constructed by adding Hindlll linkers to a 1200 base pair 
bp) fragment (nucleo* Ides 9 to 1197, Pennica et al, 1983) of tPA cDNA. The 
cDNA was then cloned into pATlS3 at the unique Hindlll site. Plasmid ptPA21 
was constructed by cloning a Bgl II cDNA fragment (nucleotides 187 to 2166) 
into a plastnid with a unique Bglll site. A full-length tPA cDNA gene was 
made by cloning the Bglll fragment from ptPA21 into the Bgill site of ptPA 
A3. The resultant plasmid ptPA 3/21 contains 76 bp of 5' non-coding 
sequence, the complete tPA coding region, 393 bp c: 3' non-coding sequence, 
and a repeat segrient of t?A coding region (nucleotides 187 to 1197). all on a 
single Hindlll fragment. A second plasmid p81/ll was also constructed in 
which this Hindlll fragment was inverted relative to pAT153 sequences. 

Plasmid p81/ll was digested with Ball and the Ball fragment containing 
116 nucleotides of 3' non- coding sequence, the repeated segment of tPA coding 
region, and some pAT 153 sequences were removed leaving pla^smid pBSI. Single 
BamHl and Sail restriction enzyme sites were re-introduccd into pBSI by 
ligation of the 275 bp BamHI/Sall fragment from pAT 153, whoso cohesive 
termini had been filled in with DNA polymerase, into 'the Ball site. 
Depending upon the orientation in which the fragment was inserted, either o 
Sail site (pBSl?) or a BamJil site CpBSlS) was refoiTr.ed at the 3* •^nd of :Mo 
tPA gene. Plasmid pBSlS w.-j^- the precursor for the I.PA cDWA r.xpvccsion 
constructs . 
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1.2 Mouse Metal lothlone in (MHT-I) Promoter 

Clone 28 (Dr. D. Hainer; national Institute of Health, Bethesda, 
Maryland, U.S.A.) has the entire SV40 genome cloned into a BamHI site and a 
3.8Kb EcoR I frasment containins the mouse metallothionein I (MMT-I) gene 
(Hamer and Wallins. 1982) cloned into an EcoRI site. This plasmid provided 
the MKT-I promoter (MHT) in tPA expression constructs. Thg unique Bgll site, 
4 bp upstream of the translation start point (Glanville, et al^» 1981), was 
converted to a Hindlll site using the oligonucleotide CCAACCTTGC. 

A 2.0 Kbp Hindin fragment derived from clone 28 containing the MMT 
promoter was cloned into the unique Hindlll site of pBSlB resulting in the 
formation of a transcriptional fusion between the MMT promoter and tPA coding 
sequences. This plasmid was called pBS18M3. A BamHI/BclI fragment of 243 
bp derived from clone 28 and containing the SV40 polyadenylation site was 
inserted into the BamHI site of pBS18M3. The polyadenylation site was 
orientated in the early to late direction thus recreating a BamHI site distal 
to the tPA gene. This plasmid was denoted p3.16. 

1.3. Rous Sarcoma Virus LonR Terminal Repeat 

The long terminal repeat (LTR) of the Rous sarcoma virus CJISV) was 
isolated as a Clal/Hindlll fragment from pRSVcat (Gorman et al^ 1982). An 
MboII site was converted to a Clal site using the oligonucleotide 
CGATCGATCC. The fragment was individually cloned into p0.16, previously cut 
with Clal and Hindlll, so that the MMT promoter could be replaced by the 
retrovirus LTR promoter. The resultant plasmid was called pRSV3 (containing 
the RSV LTR) (sec Figure 3). 
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Selection Harkera and other yunctlonal PraKinents 

The t^ne responsible for conferring dominant selection was derived from 
pSV2 neo (Southern and Berg, 1982). 

The resistance to antibiotic G418 conferred by the transcription unit in 
pSV2 neo Cneo*), was used. In order for the 'neo* transcription unit to be 
used it was recloned to be contained within both a BamHI. and also a Hindlll 
fragment. 

The starting point for these vector constructs was pSV2 Bglobin (Figure 
3), (Southern and Berg. 1982). The vector's Hindlll site was converted into 
a Bglll site followed by removal of the resultant Bgill fragment containing 
Bglobin. The resultant plasmid, pSV2 Bglll formed the basis of the next 
step-conversion of the PvuII site into a Hindlll site generating plasmid pSV3M. 

The introduction of the 'neo* gene into pSV3M was via replacement of the 
Bglll-BamHI poly 1-splice gene fragment by a Bglll-BamHI fragment isolated 
from pSV2 neo. The resultant plasmid, pSVSMne, now contained the SV40 early 
promoter driving the expression of the 'neo' gene without a poly A sequence, 
conUined within a Hindlll-BaaKI fragment. The Hindll and BamHI sites of 
pSV3Hne were separately converted into BamHI and Hindlll sites respectively 
resulting in the generation of plasmids pSV3Bne and pSV3MHne (Figure 3) 
respectively. 

In order to use pRSV3 for generation of stable cell lines, in the absence 
of a BPV vector conferring selection, a selection marker was introduced into 
the BamHI site. The selection cassette used was the BamHI fragment from 
pSV3Bne. producing p.-sismids pPEI and pPBII containing the BamHI fragment in 
both orientations. 
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2. Transfection 

The ceU line used for transfection was YB2/3.0 AgZO (U.K. Patent 
GB2079313). The cell line was maintained in Dulbecco modified Eagle's medium 
(DMEM, Gibco Ltd.. U.K.) with penicillin (50U/ral), streptomycin (50us/ml) , ImM 
pyruvate, 2mML-glutamine and heat inactivated foetal calf serum (lOX). 

In order to introduce DNA into myeloma cells we have made use of the 
standard methods using DEAE-Dextran, CaP04 and elsctroporation (Banerji et al, 
1983; Graham and V^in der Eb, 1973; Potter et al. 1984). The majority of 
our tr? isfections were made using a modification to the DEAE-Dextran method 
making use of dimethyl sulphoxide (DHSO) stock (Lopata et al. 1984) and 
chloroquinine (Lathman and Magnusson, 1983) to improve transf ections . 

The cells, after transf ections , were typically left for 24 hours before 
selection was introduced. The tcansCections with pLasnid constructs 
containing the *neo' gene cassette from pSV3Bne were selected using the 
antibiotic G418 (Ceneticin Gibco Ltd., U.K. (Schering Corp. U.S. patent 
specification 3959254, 3997403)) at a concentration of 1.4mg/ml. . 

The cells, after the introduction of the selection, were allowed to 
incubate again for a further 24-48 hours before being plated out into 
microtitre dishes for clone selection. These microtitre dishes were 
typically incubated for 2-3 weeks before the first clones appeared. The 
clones were allowed to grow up to saturation (turning th^ culture r.edia phenol 
red to yellow) prior to assaying the supernatants or to expansion into 2^ well 
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tissue culture dishes. The cell lines from those transf ections which 
demonstrated useful levels of tPA production (greater than lOOp/ral) were 
stored as frozen stocks in liquid nitrogen after supplementing the culture 
medium with lOX DMSO. These cell lines were also recloned and selected high 
producers also stored as above. 


3. Quantitation of tPA protein 

The tPA from cell lines was either assayed via fibrinolysis or by an 
enzyme linked immutiuoorbent assay (ELISA). 

Active tPA protein in the medium was assayed using a f ibrin-agarose plate 
assay as modified by Cederholm-Williams, LGT agarose, 20mg/ml, in 0.1 M Iris 
(pH7.4), 0.15 M NaCl, and 2mM CaCl^ was melted and cooled to 55°C. An 
equal volume of fibrinogen, 2mg/ml in 0,9% (w/v) NaCl, and human plasminogen 
to a final concentration of lOug/ml were added. Fibrin polymerisation was 
initiated by adding bovine thrombin to 0.12 units/ml. The mixture was poured 
on polyester sheets and allowed to set. Dilutions of samples and dilutions 

of a urokinase standard solution of known concentration (5pi volume) were 

o - 

added to wells punched in the gel and the plates were incubated at 37 C for 
17 to 20 hours in a humidified chamber. The diameters of the areas of lysis 
were measured. A standard curve was drawn from the urokinase data by 
plotting the log of the diameter squared against the log of the 
concentration. The amount of activity in the samples was determined fro:n the 
standard curve. Within the 10 to 100 units/ml range urokinase was shown to 
be a suitable standard for estimating tPA activity. 


Total tPA protein in culture medium from the transfcctcd cell lino was 
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assayed usinR an ELISA. The ELISA was performed In Nunc Immuno assay plates 
(Nunc, Denmark) uoated for 1 hour at 37*^0 with 2;js/ml of a goat polyclonal 
anti tPA (Biopool. Sweden) in 0.05M sodium carbonate (pH9,6). These plates 
were blocked for one hour at 37*^C with 0.51 casein Hammers tem in 0,05M 
sodium carbonate (pH9.6). These coated and blocked microtitre plates, and 
plates at other wash stages were washed with phosphate buffered saline, with 
0.02% Tween 20, Samples for assay were diluted into sample buffer (O.IM 
Tris-HCl pH7.0, ISOmM NaCl, 0.5% casein and 0.02% Tween 20), The standard 
used in this assay was two chain tPA (Biopool. Sweden). Samples were 
introduced at lOOpl per well and incubated for 1 hour at room temperature with 
shakins. The plates were then washed and yg/ml of HACOlO, a mouse 
monoclonal antibody to tPA, in sample buffer added to each well (100^1). 
These were incubated for 1 hour at room temperature with shaking. The 
plates, after incubation with the monoclonal antibody, were washed and lOOpl 
of goat anti-mouse IgG Fc specific peroxidase conjugate was added to each well 
and incubated for 1 hour at room temperature with shaking. The plates, after 
incubation with conjugate, were washed and then developed as described (3os et 
al, 1981), 


4. Fibrin A^ar Plate Assay 

For the tPA assay, transfected cells were scraped off the; plate (about 5 
X 10^) and 10% of the cells taken and washed twice in serum- free DMEM 
(Gibco), IrW pyruvate. 50IU/ml penicillin, 50 ug/ml streptomycin C?/S). 
L-glutanine (Gin). These cells were then suspended in Vml of 70% DMEH as 
above, supplemented with 10% Cv/v) acid treated foetal calf serun (FCS); 2Q\ 
(v/v) Hanks balanced salts (Gibco), supplemented with 2.5% low gelling 
temperature agarose (Sigma Ltd.) at 42°C. This suspension was then 
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supplemented with 0.5 units of thrombin (from bovine plasma 500 U/mi, Sigma 
Ltd.). Finally, 1.5 mis of OMEM. ImM pyruvate. P/S. Gin. 10% (v/v) acid 
treated FCS, 30 mg/ml fibrinogen (from bovine blood, type t-S, Sigma Ltd.) was 
added and the mixture poured immediately into a 90 mm dish. 

These dishes were incubated for times up to 48 hours in order to 
determine the level of tPA being produced from these transf ections . The 
results were recorded as relative levels of fibrinolytic activity. 


5. tPA ProducinR Cell Line 

The tPA producing cell line pPRI 1/10 was derived from the rat hybridoma 
YB2/3.0-Ag20 cell line by productively transfecting YB2/3.0-Ag20 with pPRI. 

YB2/3.0-Ag20 (Maximum Levels) 

Plasmid Promoter Maxir.um Unxts/n^I of Culture 

pPRI RSV LTR 900 


6. Fed Batch Culture of Cell line pPRI 1/10 in an Airlift Fermenter 

The aim of this experiment was to assess growth and tPA synthesis by crU 
line pPRl 1/10 in a production type cell culture reactor. 

The cell reader used was an airlift fermenter (ALF) of S litres woi'king 
volume with automatic control of dissolved oxygen tension (DOT), pH and 
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temperature, DOT was controlled by regulated injection of air or oxygen into 
a sparged ballast gas of nitrogen or air. pH was controlled by regulated 
injection of carbon dioxide into this gas mixture or by applying a pumped feed 
of alVali to the culture. Temperature was controlled by a flow of 
tertperature regulated water to the reactor jacket. 

Cell stocks of the cell line pPRI 1/10 were routinely grown in roller 
bottle culture in a growth medium consisting of Dulbecco's modification of 
Eagle*s medium (DMEM) supplemented with heat- inactivated foetal calf serum 
(FCS) at lOX vol/vol. 

Medium for the ALF culture was a serum-free formulation consisting of a 
DMEM base supplemented with albumin, insulin, transferrin, ethanolamine, 
choline, vitamins, trace metals and a shear protective polymer. 

Cell inoculum for the ALF culture was grown in serum-supplemented 
medium. The cells were scdimentcd by ccntrifugat ion and resuspcnded in the 
sei-um-frec growth medium prior to inoculation into the ALF. During the ALF 
culture supplementing nutrients were added. These consisted of: 

a. a shot addition of glutaminc to give an increase of 2 mM final 

concentration in the culture 

b. a shot addition of the "insoluble" amino acids tryptoph^in, 

tyrosine and cysteine 

c. a pumped feed consisting of glucose choline and the "soluble" 

amino acids. 
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Samples were removed from the culture at daily intervals. Cell counts 
were performed using a modified Fuchs Rosenthal counting chamber and cell 
viability was assessed by exclusion of Trypan Blue stain. Aliquots of 
culture supernatant were snap frozen in liquid nitrogen and then stored at 
-70^C for subsequent quantitation of tPA by tPA ELISA and by fibrin agar 
plate assay. 

Figure 4 shows profiles for growth and tPA synthesis by pPRI 1/10 cells 

in airlift culture. Cells attained a maximum viable population density of 

6 6 
2.2 X 10 /ml and a maximum total population density of 4 x 10 /ml. tPA 

was synthesised throughout the duration of the culture, reaching a maximum 

concentration of 42^g/ml measured by fibrin agar plate assay and 38 ^g/ml 

measured by tPA ELISA. The close agreement between ELISA (which would detect 

both active and inactive tPA) and the fibrin agar plate assay indicates that 

the tPA synthesised was fully active. 

The invention is described by way of iiiustration only in the above 
examples, and modifications of detail may be made within the scope of the 
invention. 
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CLAIMS: 

1. A process for the batch culture of animals cells comprising culturing the 
cells in nutrient medium characterised in that, during the culture the medium 
is supplemented with a combined feed of one or more energy sources and one or 
more amino acids, and culturlng is continued into the decline phase of the 
culture to provide the product(s) of the cells. 

2. A process according to Claim 1, wherein the cells are geneticall/ 
modified cells. 

3. A process according to Claim 2, wherein the cells are transfected animal 
cells, 

4. A process according to CLaim 2, wherein the cells are antibody producing 
cells. 

5. A process according to Claim 4, wherein the cells are hybridoma cells. 

6. A process according to Claim 1* wherein the product comprises a 
transfected gene product. 

7. A process according to Claim 6, wherein the projuct coir.prlses tPA. 

8. A process according to Claim 4, wherein the product comprises a 
monoclonal antibody. 
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9. K process according to any of the preceding claims in which the 
supplemental feed is commenced during the exponential growth phase of the 
culture. 

10. A process according to Claim 8, in which the supplemental feed is 
continued after the exponential growth phase of the culture. 

11. k process according to Claim 9 or Claim 10, in which the supplemental 
feed is provided over a total period of 30 to 100 hours. 

12. A process according to any of the preceding claims, in which the energy 
source component of the feed comprises a sugar. 

13. A process according to Claim 12, wherein the sugar is glucose. 

14. A process according to Claim 12 or 13, wherein the energy source 
component of the feed additionally comprises glutamine, 

15. A process according to any of the preceding claims in which the amino 
acid component of the feed comprises glutamine. 

16. A process according to Claim 15, wherein the amino acid component of the 
feed additionally comprises one or more of the "essential" amino acids. 

17. A process according to Claim 15 or 16, wherein the amino acid conipoaent 
of the feed additionally comprises one or more of the "non-essential" amino 
acids . 
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18. A process according to any of the preceding claims in which the 
supplemental feed comprises choline. 

19. K process according to any of the preceding claims, wherein the 
suppleinentol feed comprises a combination of energy sources, amino acids and 
other nutrients depleted by growth of the cells. 

20. A process according to any of the preceding claims in which at least part 
of the feed is added continuously over a prolonged period of time. 

21. A process according to claim 20, in which glutamine is added as a shot 
addition prior to continuous feeding of the culture. 

22. A process according to Claim 20 or 21, in which "insoluble" amino acids 
are added as a shot addition. 

23. A process according to any of the preceding claims in which the total 
glutamine component of the feed is from 0-5 to 3 grms per litre of the culture. 

24. A process according to any of the preceding claims in which the total 
sugar component of the feed is from 1 - 10, preferably 3 to 6 g per litre. 

25. A process according to any of the preceding claims, in which the total of 
each amino acid (except glutamine) in the feed is from 0 - 300, usually 20 to 
150 mg per litre of culture. 
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BATCH CULTURE OF NB1 CELLS IN 5 LITRE A!R! IFT FERMENTER 


a) OMEM ♦ 3*/# FCS 
No additions 


b) DMEM* 3V.FCS 
\ X 4mM glutamine 


c) OMEM ♦ 3'/# FCS 
k X ImM glutamine 


d) OMEM 3V.FCS 
1 X 2mM glutamine 

'glutamine 
♦ FEEO glucose 
choline 


e) OMEM 3%FCS 
1 X 2mM glutamine 
insoluble amino acids 
glutamine 

sol. amino acids 
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